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ABSTRACT 
The cytochrome oxidase activity of skin and gingival homogenates was found to be 
very labile upon standing at oo C. The enzymatic activity was stabilized for 1 Yz-4 hours 
in the presence of (1-2)% Ficoll, (1-2)% DMSO, or 1o/o combinations of Ficoll and 
DMSO in a phosphate-buffered ystem. These agents were found to be ineffective as 
stabilizers in the presence of Tris-maleate buffer. The specific activity values of sta-
bilized homogenates declined towards those of the non-stabilized controls after the 
stabilizing effect was dissipated. 
Dimethyl sulfoxide (DMSO) and Ficoll (a 
synthetic high polymer of sucrose and epichlor-
hydrin) have been utilized to protect organs, 
tissue , mitochondria and nuclei in the frozen 
state. These agents have been also used to 
stabilize many labile enzymes. Rammler (1), 
reported that DMSO (1-10%) stimulated 
peroxidase, catalase, and lactic dehydrogenase 
activity. Goggens et al. (2) preserved human 
gingiva in 7.5% DMSO-Hanks-Eagle media for 
14 months at - 150° C., and found that LDH, 
a.cid phosphatase, and NADH2 dehydrogenase 
were hi tochemically active after thawing. 
Karow (2) reported that whole rat hearts were 
preserved with respect to physiological and 
pharmacoloO'ical properties after freezing at 
-20° . for two hours in the presence of 15% 
DMSO-Ringer's solution or in the presence of 
a dextran-Ringer solution. Johnson (4) and 
tahl (5) used Ficoll to isolate rat brain 
mitochondria and found that succinic dehydro-
gena e nctiYity was not altered in mitochondria 
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isolated in 20% Ficoll. However oxidative 
phosphorylation was inhibited at concentrations 
in excess of 8o/o Ficoll. 
The cytochrome oxidase activity of rat 
gingiva and skin (6, 7) is exceptionally low 
and labile. In order to study the biochemical 
properties of cytochrome oxidase (at optimum 
pH, buffer molarity, and optimum cytochrome 
c concentration) of gingiva and skin, it was 
necessary to find a method to stabilize the 
enzyme activity. In this preliminary report we 
wish to report on the stabilizing influence of 
DMSO and Ficoll upon the cytochrome oxidase 
activity of skin and gingiva. 
METHODS AND MATERIALS 
Male albino (Sherman) , young (150 grams) and 
young mature (350 grams) rats were sacrificed with 
ether. 
After shaving, skin was removed from the ven-
t ral nape region of the rat. The skin was scraped 
to remove the underlying fascia , and the tissue was 
quickly frozen in dry ice. The frozen tissue was 
either thawed, minced and homogenized, or im-
mersed in liquid N2 for two minutes, smashed, and 
homogenized in Ten Broeck homogenizers con-
taining 0.1 M phosphate or 0.05 M Tris-Maleate 
buffer pH 7 .0 . 
Gingiva was obtained from the upper and lower 
molar region of the rat and the tissue was quiekly 
frozen in dry ice. The tissue was thawed and ho-
mogenized in cold 0.1 M phosphate or 0.05 M Tris-
Maleate buffer pH 7.0. 
DMSO was diluted to 10 % vol/vol in either 0.1 
M phosphate buffer or 0.05 M Tris-Maleate buffer 
pH 7.0. Ficoll was dissolved in either 0.1 M phos-
phate or 0.05 M Tris-Maleate buffer pH 7.0 to 
form a 10 per cent solution. DMSO was obtained 
from J. T. Baker, Philipsburgh, N. J. and Ficoll 
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was obtained from Pharmacia Fine Chemicals, 
New York, N.Y. 
Aliquots of skin or gingiva (control and experi-
mental) homogenates were diluted to the same 
final concentration by the addition of phosphate 
or Tris-Maleate buffer, DMSO, Ficoll or combi-
nations of both reagents. The final concentration 
of DMSO and Ficoll in the experimental homoge-
nate was 1% or 2%, in studies where the indi-
vidual reagents were utilized, and 1% respectively 
where combinations of both reagents were used. 
DMSO or Ficoll was added to the experimental 
(skin or gingival) homogenate immediately after 
homogenization of the tissue. The control and ex-
perimental homogenates were maintained at 4 o C. 
for the times indicated in each experiment. 
Cytochrome oxidase activity was determined by 
following the oxidation of dithionite reduced cy-
tochrome c at 550 nm spectrophotomerically (8) . 
Cytochrome c (Beef Heart Type III, 90-97 %) was 
obtained from Sigma Chemical Co., St. Louis, Mo. 
The complete cytochrome oxidase assay system 
contained: 12 nanomoles of dithionate reduced cy-
tochrome c, 30 micromoles of phosphate buffer pH 
7.0, and 20 p.l of skin or gingival homogenate (15-
30 p.g protein), in a total volume of 300 p.l. The 
auto-oxidation rate of dithionate reduced cyto-
chrome c was negligible , and it was not altered by 
DMSO, Ficoll, or combinations of both reagents 
at the concentrations (0.133%) utilized in the as-
say system. All analyses were carried out at 25° C. 
in microcuvettes in a Beckman DU spectropho-
tometer equipped with thermospacers. The tem-
perature was maintained by the use of a Wilkins 
Lo Temp circulating water bath. The enzymatic 
activity is expressed as micromoles of cytochrome 
c oxidized/ mg protein/ min. 
Protein was determined by the method of Lowry 
et al. (9), using crystalline albumin as a standard. 
TABLE I 
Stabilization of cytochrome oxidase activity of 
gingiva and skin by 1% Ficoll-phosphat3 buffer 
Experimental and control homogenates were 
stored at 4° C., and aliquo ts were analyzed for 
their cytochrome oxidase activity (as described in 
the text) at each time interval. The specific ac-
tivity is expressed as micromoles of cytochrome 
c oxidized/mg protein/ min. 
Time (min.) Skin control 1% Ficoll Gingiva 1% Ficoll control 
0 .0582 .0570 .0332 .0365 
30 .0545 .0606 .0314 .0369 
60 .0512 .0584 .0303 .0378 
90 .0438 .0584 .0276 .0303 
120 .0475 .0570 .0270 .0250 
150 .0475 .0503 - -
180 .0475 .0468 - -
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Fw. 1. Stabilization of cytochrome oxidase ac-
tivi ty of skin and gingival homogenates prepared 
in (A) 2% Ficoll-0.1 M phosphate buffer pH 7.0, 
and (B) 2% DMS0-0.1 M phosphate buffer pH 7.0. 
Experimental • --• and control 0--0, ho-
mogenates were stored at 4 o C. and aliquots were 
analyzed for their cytochrome oxidase activity (as 
described in the text) at each time interval. The 
specific activity is expressed as micromoles of cy-
tochrome c oxidized/mg protein/min. 
RESULTS 
1. Stabilization of cytochrome oxidase activ-
ity by Ficoll. Gingival cytochrome m.:idase 
activity was stabilized for 1-2 hours in the 
presence of 1-2 per cent Ficoll in 0.1 M phos-
phate buffer (Table I, Fig. 1) . This was 
followed by an 18-30% loss in specific activity 
within the next 30-60 minute time interval. 
The specific activity of the untreated gingival 
homogenates steadily declined and a 17-47 per 
cent loss of the initial activity occurred within 
the same time interval. Skin cytochrome oxidase 
activity was stabilized (1Y2-2 hours) in the 
presence of either 1 o/o or 2% Ficoll (Table I, 
Fig. 1). As in the case of gingiva, a 13-23% 
loss in specific activity occurred within the next 
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TABLE II 
Stabilization of cytochrome oxidase activity of 
giniva and skin by 1% DMSO-phosphate buffer 
Experimental and control homogenates were 
stored at 4° C., and aliquots were analyzed for 
their cy tochrome oxidase activity (as described in 
the text) at each time interval. The specific ac-
tivity is expressed as micromoles of cytochrome c 
oxidized/ mg protein/min. 
Skin Gingiva 
Time (min.) 
Control Expt. Control Expt. 
0 .0590 .0518 .0516 .0552 
30 .0518 .0536 .0503 .0550 
60 .0495 .0521 .0479 .0541 
90 .0507 .0536 .0453 .0559 
120 .0469 .0407 .0469 .0550 
150 .0312 .0274 .0419 .0550 
180 - - .0419 .0421 
30 minutes in the unt reated homogenates. The 
specific activity of the untreated homogenates 
steadily declined and an 18-43% loss in cyto-
chrome oxidase activity was observed to occur 
during t he same time interval. Gingival and 
skin cytochrome oxidase activity were stabilized 
to the same degree by Ficoll in the presence 
of pho ph ate buffer. However 2% Ficoll in the 
presence of 0.05 M Tris-maleate buffer was 
found to be ineffective as a stabilizer of either 
gi.ngiva or skin cytochrome oxidase activity. 
effective stabilizer of skin cytochrome oxidase 
than that of gingiva. DMSO was found to be 
an ineffective stabilizer of cytochrome oxidase 
in the presence of 0.05 M Tris-maleate buffer. 
3. Stabilization of cytochrome oxidase activity 
by 1% DMSO 1% Ficoll mixtures. The stabiliza-
tion properties of a 1% mixture of DMSO and 
Ficoll in phosphate buffer was compared to 
that of each reagent alone at the 1% concen-
tration level. Skin cytochrome oxidase activity 
was stabilized for 3 hours by a 1% mixture of 
DMSO and Ficoll (Fig. 2). As in the previous 
cases, a 76% loss in specific activity occurred 
within the next hour. The untreated control 
steadily declined and an 84% loss occurred 
within the four hour incubation interval. Gin-
gival cytochrome oxidase activity was stabilized 
for 2 hours by the DMSO-Ficoll mixture and 
this was followed by 14% loss in specific activity 
within the next hour (Fig. 2). The specific 
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The cytochrome oxidase activity of rat skin 
wa stabilized 1 Y2-4 · hours respectively in the 
pres nee of 1% and 2% DMSO (Table II, 
Fig. 1). As in the case of gingiva, a (13-23%) 
loss in enzymatic activity occurred within the 
next 30 and 60 minute time interval. Cyto-
chrome oxidase activity of the untreated control 
steadily declined and a 21-44% loss in the 
initial spe.cific activity occurred during the same 
time interval. DMSO appears to be a more 
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Fra. 2. Stabilization of cytochrome oxidase ac-
tivity of skin (A') and gingival (B') homogenates 
prepared in 1% DMSO + 1% Ficoll in 0.1 M phos-
phate buffer pH 7 .0. Experimental (A', B') and 
control (A, B) homogenates were stored at 4° C., 
and aliquots were analyzed for their cytochrome 
oxidase activity (as described in the text) at each 
time interval. The specific activity is expressed as 
~cromoles of cytochrome c oxidized/ mg protein/ 
mm. 
DMSO AND FICOLL STABILIZATION OF CYTOCHROME OXIDASE 263 
activity of the untreated control steadily de-
clined, and a 26% loss in the initial activity 
occurred over the 3 hour incubation period. 
4. Relative stabilization properties of DMSO 
and Ficoll. Gingival cytochrome oxidase activity 
was stabilized between 1 Y2-2Y2 hours in the 
presence of 1% and 2% DMSO. Skin cytochrome 
oxidase activity was stabilized for 1 Y2, and 4 
hours respectively by 1% and 2% DMSO in 
phosphate buffer. Ficoll at the 1% and 2% 
concentration level stabilized gingival cyto-
chrome oxidase for 1 and 2 hours respectively. 
Skin cytochrome oxidase activity was stabilized 
for 1 Y2-2 hours in the presence of 1% or 2% 
Ficoll. DMSO was a more effective stabilizer 
of skin than gingival cytochrome oxidase. 
Ficoll on the other hand was a weaker stabilizer 
of cytochrome oxidase of gingiva and skin 
than DMSO. Skin cytochrome oxidase activity 
was stabilized to a greater extent by a 1% 
mixture of DMSO, and Ficoll, than by either 
reagent alone at the 1% concentration level. 
The stabilization of gingival cytochrome oxidase 
activity by the 1% mixture was found to be more 
variable, as 1% DMSO was found to be slightly 
more effective than the combination as a stabil-
izer of enzymatic activity. On the other hand, the 
1 o/o combination was found to be slightly better 
than 1 o/o Ficoll alone in stabilizing the gingival 
enzyme activity. 
DISCUSSION 
The oxidati,re metabolism of skin and gingiva 
has been reported to be labile, after standing 
at 4 o C., or after freezing and thawing. Bagatell 
(10) reported that neo-natal rat epidermis 
could be preserved in the frozen state in the 
presence of 10% DMSO, however the respira-
tory activity of the tissue after thawing di-
minished to 50% of that of t he control tissue. 
Dickinson et al. (11) and Greife et al. (12) 
reported that 5% and 10-20% DMSO pre-
vented the loss of respiratory control in plant 
and liver mitochondria respectively as well as 
the decrease in efficiency of oxidative phos-
phorylation when the mitochondrial prepara-
tions were stored in liquid N2. Gerhard et al. (13) 
investigated cellular respiration (Q02) of liver, 
brain, and diaphragm and found that the 
respiration was not altered in rats that received 
750 mg. DM 0 / kg body weight for seven 
days prior to sacrifice and analysis . Roth et al. 
(14) studied the endogenous respiration (Q02) 
of rat skin polario-raphically, after it had been 
presoked in either 0.9% N aCl, or 5, 10, and 
20% DMSO respectively for 1-2 hours at 
4o C. The endogenou respiration (Q02) of the 
control skin sections was found to decline 10% 
after 2 hours of presoaking. The Q02 was 
markedly stimulated by 5% Dl\1SO which was 
in contrast to the unaltered or marked inhibitory 
effect observed in the endogenou respiration 
of skin after pre oaking in 10 and 20% DMSO. 
The cytochrome oxidase activity of our gin-
givae and skin preparations was not stimulated 
by 1 or 2% DMSO or a 1 o/o combination of 
both reagents. Our inability to observe any 
stimulating effects by Dl\1SO and Ficoll of 
skin and gingival cytochrome oxidase activity 
may be due to two factors : 1) the concentration 
of the agents used in our studies were 2.5-5 
times lower than the minimal concentrations 
utilized by Roth et al. (14) or 2) the homog-
enization of the tissues results in the rapid 
denaturation of cytochrome oxidase. In pre-
liminary studies we found that 0.5% DMSO 
in phosphate buffer was ineffective in stabilizing 
skin cytochrome oxidase activity. However, 
when the DMSO concent ration was increased 
to 1%, stabilization of skin and gingival activity 
was demonstrated. The variable action of 
DMSO at different concentrations may be due 
to the fact that it can be metabolized by skin 
and possibly by gingiva to DMS02. Gerhards 
et al. (13) and Rammler ( 15) reported that 
DMSO was readily oxidized to DMS02 by liver 
and skin microsomes in the presence of NADH 
or NADPH. The sudden decline in the 
stabilizing action of DMSO may be the result 
of its being metabolized or degraded to 
DMS02, which may be inhibitory to cytochrome 
oxidase. It is also possible that the subsequent 
decline in DM 0 concentration (metabolized 
or degraded) alters the stabilization properties 
of the agent. 
Endogenous respiration, oxidative phosphoryl-
ation and cytochrome oxidase of skin mito-
chondrial preparation and homogenates have 
been stimulated or stabilized by the addition 
of AMP, ADP, cytochrome c, NAD, GSH 
( 16, 17) as well as by boiled liver extract and 
yeast extract (10). These agents may exert 
their influence by preventing the denaturation 
of cytochrome oxidase (a lipoprotein) which is 
an essential cellular respiratory enzyme. Klein 
et al. (18) were able to prevent serum lipo-
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protein denaturation for several weeks by the 
addition of 10% DMSO to the lipoprotein 
prior to storage at 4o C. or freezing. The mode 
of action of DMSO and Ficoll remains obscure, 
especially in regard to the inability of these 
agents to be effective stabilizers of cytochrome 
oxidase in the presence of Tris buffer. Karow 
et al. (19) suggest that DMSO may induce the 
formation of water latices which might stabilize 
cellular and mitochondrial membranes from 
denaturation. DMSO may affect protein con-
formation, or protect essential groups of the 
enzyme by it ::- capacity to substitute or bind 
biological water, or other hydrogen bonded 
(20) structures of the enzyme molecule. Fur-
ther investigation is now underway to elucidate 
the mode of action of these agents upon cyto-
chrome oxidase. 
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